Measurements
Tritium is a unique nuclide in that it is a soft b-emitter of 18 keV maximum energy and 5.7 keV average, while producing no r-rays. The weak transmissibility of soft b-particles makes it difficult to detect tritium by ordinary windowed radiation counter. For this reason, detectors of liquid scintillation or else gas-flow types are currently used for measuring tritium concentration. Both types of detectors, however, have drawbacks, in that skillful mixing of the tritium-containing samples is required by the scintillator, while the latter form of detector can only measure gaseous samples. Both types, moreover, necessitate troublesome pretreatment procedures for dealing with solid samples, e.g. light metal containing hydrogen.
If the bremsstrahlung generated by the Prays by interaction with a suitable medium could be utilized, the stronger penetration of the resulting radiation should permit the use of an ordinary windowed detector(1) for detection, which would greatly facilitate the measurement of tritium concentration.
The difficulty here is the low emission probability of bremsstrahlung and the self shielding effect of the sample, which would normally prevent effective detection of the photons radiating from the surface of the sample. Assuming the true range of 5.7 keV b-particles to be 0.06x 10-3 g/cm2(2), the energy converting to bremsstrahlung is found by calculation to be 2.5x 10-4 keV/b particle in water. This corresponds to 9.25 keV/mCi tritium. gy of bremsstrahlung cannot exceed the maximum energy of b-particles emitted by tritium decay, the actual spectrum must be shifted further to the lower energy side. This would make it difficult to discriminate the meaningful signals from noise pulses emanating from thermoelectrons present in the detector and from the electronics circuits . An ordinary pulse height discriminator applied to eliminate the noise pulses would concomitantly cut the signal pulses down to useless level .
The noise pulses generated by the thermoelectrons in the photoelectron multiplier tube have a rise time appreciably shorter than the scintillation pulses of NaI(T1) crystal (4) . This suggested the possibility of applying a pulse shape discriminator to a currently used experimental system, and the present authors examined the utility of this means in effectively lowering the background noise level, with a view to developing a rapid and simple method of measuring the concentration of tritium with use made of an ordinary NaI(T1) scintillation detector.
II. EXPERIMENTAL
A NaI(T1) scintillation detector from Silice and Quartz Co. Model 2S5B1, embodying a 25 mm dia. 2 mm thick crystal with Be window and 10-stages photoelectron multiplier, was used in combination with a low-noise preamplifier. A charge of 1,000 V was applied to the electron multiplier, as specified by the maker. The sample solution was loaded in a 10% in the counting efficiency for bremsstrahlung signals, thus definitely confirming the effectiveness of the rise-time discriminator in removing noise pulses from a scintillation measuring system, which should prove particularly useful for counting low-energy radiation such as the bremsquanta of tritium.
The observable bremsstrahlung intensity is not only influenced by the differences in its emission probability, which depends on the medium in which tritium is contained, but also by the absorption coefficient of the medium through it travels, and which varies with the atomic number.
Hence the counting rate obtained on samples containing tritium would vary from substance to substance constituting the sample. Figure 5 shows examples of data on counting rates for bremsstrahlung radiating through methyl alcohol (99.5v/0), through water and through lead acetate solution. The duration of counting was 1,000 sec for all three media. For the water sample containing 1 mCi / ml tritium, the net rate was about 20 counts/1,000 sec. Since fluctuations appearing in the background counts were lower than ±10 counts/1,000 sec, tritium concentrations of the order of 1 mCi/ml of water could be measured to yield meaningful data.
The order among the three different media for the amounts of tritium bremsquanta issuing therefrom, as detected by NaI(T1) crystal, was methyl alcohol -water -lead acetate solution. The loss of electron energy due to bremsstrahlung production in such a case is, according to the Bethe-Heitler theory, proportional to n S x=1 xi(Z 2 i+ zi)/Ai, where zi : atomic number, A,: atomic mass, and x, : weight fraction of the atomic species in question for the multicomponent system ; hence the electron energy loss is roughly proportional to the mean atomic number. 
